The aim of this study was to investigate androgen receptor (AR) expression in the developing human urogenital tract. The distribution of AR was examined in paraffin-embedded tissue sections of the lower urogenital tract using 55 human embryos of 8-12 weeks of gestation. Immunohistochemistry was performed for AR detection and gender was determined by polymerized chain reaction. There were no differences in the distribution of AR in male and female embryos at any stage of gestation. AR was present only in the mesenchymal tissues of the urogenital sinus at 8 weeks whilst the epithelium was negative, but after 9 weeks the epithelium also showed progressively more positive staining. In the phallus, AR staining was prominent. There was far less staining in the epithelium of the urethral groove from 8 to 10 weeks, whilst the mesenchyme of the urethral folds showed positive staining. At 11 and 12 weeks, both the urethral groove and folds showed uniform staining. The genital tubercle, genital swelling and bulbourethral gland precusors were also positively stained, although paramesonephric ducts were negative. Staining was observed in the mesonephric duct from 9 weeks. There was an absence of staining in the rectum at all stages of gestation. The expression of AR in an epithelium may be dependent upon the mesenchyme. Mesenchymal-epithelial interactions played an important role in development, as has been described in experimental animals. AR expression could play a part in the growth of the genital organs.
Introduction
Androgens act by binding to a specific protein target, the androgen receptor (AR), in androgen-responsive cells (Loy & Yong 2001) . The AR belongs to the large family of steroid hormone receptors (Quigley et al. 1995) . Ligand binding is essential for the activation of the receptor which then binds to specific targets on DNA resulting in modulation of the level of gene expression (Rundlett et al. 1990) . These receptors are present in both the epithelium and stroma of juvenile and adult reproductive organs (Stumpf & Sar 1976 , Takeda et al. 1990 ).
In the embryo, the development of the sex-specific phenotype depends on the presence or absence of androgens during the phase of organogenesis of the genital tract, i.e. genital ducts and external genitalia (Wilson et al. 1981 , Winters et al. 1981 , Cooke et al. 1991a .
The ducts are derived from two closely related systems -the mesonephric (MD) and paramesonephric ducts (PMD). These two ducts are related to the endodermal urogenital sinus (UGS) and to the external genitalia (Jirásek 1967) . The MD in the male give rise to the epididymis, the ductus deferens, seminal vesicles and the ejaculatory ducts (Siiteri & Wilson 1974 , Sadler 1995 . In females, the PMD give rise to the Fallopian tubes, the uterus, the cervix and the upper part of the vagina. Feminization of the external genitalia occurs in all cases where androgens are not present at the correct time, or in cases where the target tissues are androgen insensitive (Jirásek 1971) .
Androgens, via the AR, induce the differentiation of male internal genitalia from the fetal UGS and MD (Wilson et al. 1981 , Winters et al. 1981 . Sertoli cells of the testes begin to secrete anti-Mullerian hormone or Mullerian inhibiting factor (MIF), which is responsible for regression of the PMD in the male (Josso et al. 1993 , Lee & Donahoe 1993 , Drews et al. 2001 . Regression begins at 10 weeks (Taguchi et al. 1984) . Sertoli cells also stimulate differentiation of the Leydig cells from the testicular interstitial cells (Pellinicmi et al. 1993) . Leydig cells secrete testosterone, the main androgen inducing the differentiation of male internal genitalia from the fetal UGS (Jirásek et al. 1968 , 1969 , Cooke et al. 1991a , Pellinicmi et al. 1993 . Differentiation begins at 8 weeks of gestation (Siiteri & Wilson 1974 , Wilson et al. 1981 , Winters et al. 1981 , Cooke et al. 1991b . The differentiation of external genitalia depends upon 5a-dihydrotestosterone (DHT), a metabolite of testosterone (Wilson 1993) . The conversion of testosterone to DHT is brought about by an enzyme, 5a-reductase, produced by the cells of the UGS, genital tubercle and genital swellings at the same time as the testis begins to secrete testosterone (Siiteri & Wilson 1974 , Wilson et al. 1993 .
During early development of the male mouse genitalia, the distribution of AR differs from that found in later stages, in that AR expression is initially present only in mesenchymal cells and later also appears in the epithelium (Cooke et al. 1991a) . Studies in laboratory animals have shown similar findings where androgens induce epithelial differentiation in the genitalia via action on mesenchymal cells (Shannon & Cunha 1983 , Takeda et al. 1984 .
AR-positive cells are found in the mesenchyme of the UGS and MD of the mouse fetus but the epithelium is negative (Stumpf & Sar 1976 , Shannon & Cunha 1983 , Wasner et al. 1983 , Cooke et al. 1991a . A similar pattern of AR expression is also seen in the UGS and prostate of the developing rat (Takeda et al. 1984) . It has been suggested that, in mice, the mesenchyme may control initial epithelial AR expression (Sagimura et al. 1986) such that the expression of AR activity within the epithelium is determined via inductive interactions with the mesenchyme with which it is associated during development (Cunha et al. 1980) .
ARs have previously been found in the human fetal urogential tract in the second trimester (Amuller et al. 1998 , Shapiro et al. 2000 and one first trimester specimen (Shapiro et al. 2000) . Here, the expression of AR in the human UGS has been examined together with the mesenchymalepithelial interaction in a large series of first trimester human fetal tissues.
Materials and Methods

Patient population
This study was approved by the Liverpool Research Ethics Committee. After giving informed consent, the patients were recruited from the termination clinic. Women selected for this project were those who were having therapeutic termination of pregnancy. As ultrasound scans were not performed prior to the termination, the gestational age of the fetus was calculated by the last menstrual period and the foot length measurements (in mm) as has been described in previously published data (Streeter 1920 , Kellokumpu-Lehtinen 1984 , Munsick 1984 . In this paper the gestational age rather than weeks after conception is used to date the specimens.
The procedure of suction and currettage was used for terminations. To prevent the specimen from clotting, phosphate-buffered saline (PBS), containing 100 ml 2500 IU heparin (CP Pharmaceuticals, Wrexham, Clwyd, UK) was added to the evacuation container before the sample was added. PBS (pH 7.6) was used to wash the samples, so that the pelvic parts could be identified easily for assessment. The selected fetal tissues were placed in processing cassettes to hold the tissue specimens during embedding (BDH, Poole, Dorset, UK). Four percent buffered paraformaldehyde (BDH) was used to fix the fetal tissues at 4 8C for 24 h. Fifty-seven samples of 8-12 weeks of gestational age (6-10 weeks post conception) were collected.
DNA extraction
In order to determine the sex of the fetal samples used in this study, sex karyotyping was performed on paraffinembedded sections from the 57 fetuses of 8 -12 weeks of gestational age. PCR was used to detect the presence of X and Y chromosome material at Amelogenin (AMXYspecific for X chromosome) and SRY (for Y chromosome) loci. DNA was extracted using standard phenol chloroform extraction methods. For each set of reactions, two known male and female samples were used as positive controls.
The primers used were AMXY-1 (TGACCAGCTTGGTTCT-AWCCCA), AMXY-2 (CARATGAGRAAACCAGGGTTCCA), SRY forward (dGTCCAGTTGCACTTCGCTGCCG and SRY reverse (dAGGCAACGTCCAGGATAGAGTGAAG) (Invitrogen, Paisley, Strathclyde, UK). PCR was performed and the products run out on an agarose gel (2%). Molecular weight standards (pBR 322) were included on each gel to identify the size of the bands obtained. A negative control (water) was also included. The absence of bands in this lane ruled out contamination. The resultant bands were then photographed.
Immunohistochemistry
After fixation, tissues were processed in a tissue-processing machine (Shandon Scientific, London, UK) and wax blocks were cast. Paraffin sections (5 mm) were cut and mounted on microscopic slides, which were coated with 10% poly-L-lysine (Sigma, Poole, Dorset, UK) for 10 min prior to use.
The sections were dewaxed in two baths of xylene for 20 min and then rehydrated in descending grades of ethanol. Antigen retrieval was carried out by the pressure cooker method for 2.5 min in citric acid buffer at pH 6.0. To block any endogenous peroxidase activity, the sections were treated with 1% aqueous hydrogen peroxide (Sigma) in water for 10 min. Prior to staining, these sections were transferred to Tris-buffered saline (TBS, pH 7.4). To determine the optimum dilution for the AR antibody, a series of experiments was performed for the primary antibody, and a dilution of 1 in 50 was selected. The slides were rinsed with distilled water and placed in TBS for 5 min.
Sections were incubated for 30 min in a humidity chamber using the primary antibody, mouse anti-human androgen receptor antibody (AR 441; Dako, Cambridge-shire, UK) diluted 1 in 50 in TBS. Following incubation, the sections were washed three times in two baths of TBS for 5 min each. Slides were then incubated for 30 min with secondary rabbit anti-mouse immunoglobulins (Z0259; Dako) at a dilution of 1 in 25 in TBS. After three washes in TBS, the sections were incubated for 30 min with peroxidase-antiperoxidase mouse monoclonal (P0850; Dako) at a dilution of 1 in 100 in TBS. After further washing in TBS, visualization was carried out using 3,3 0 -diaminobenzidine tetrahydrochloride (DAB) (Sigma). DAB acts as a chromogen and is responsible for the brown coloration of the ARpositive cells. After checking the staining intensity, the sections were washed in water. The sections were counterstained with Harris haematoxylin (Merck, Poole, Dorset, UK) and dehydrated in ascending grades of ethanol. Xylene was used to clear the slides before being mounted in DPX.
Slides were examined by two independent observers who were unaware of the gestational ages.
Results
Sex karyotyping was performed on 57 fetuses of 8 -12 weeks of gestational age. The sex of 55 fetuses was identified but, in two samples, the DNA failed to amplify (Fig. 1 , lanes 15 and 17) so 55 samples were therefore used for this study. A male embryo was characterized by three bands ( Samples from gestational ages of 8-12 weeks were used since the UGS could be identified in fetal tissues at 8 weeks but, after 12 weeks, collection was difficult because the samples were easily damaged during the suction termination procedure. The sections were examined and the UGS, phallus, urethral/bulbourethral gland (BUG) precusors and MD and PMD were identified in both male and female samples. All pelvic organs, including the ureter and rectum were examined. Not all samples contained complete urogenital structures. Mouse IgG was used as a negative control for all the tissues, which were examined by immunohistochemistry. (Tables 1  and 2 and Figs 2 and 3). In the UGS, the most conspicuous reaction was localized in the mesenchymal component. Reaction was strongest in the dense subepithelial mesenchyme around the UGS and the BUG precusors (Figs 2 and 3E and J) at all gestations. There was no difference in the expression pattern of male and female samples.
UGS
AR immunoreactivity was found in the UGS
The epithelium next to the mesenchyme was examined. The appearance of AR-positive cells was seen in the superficial epithelium and increased progressively with advancing gestation. At 8 weeks the epithelium was negative for AR (Tables 1 and 2 and Fig. 2A ). At 9 weeks, the basal layers of epithelium remained negative but some superficial cells stained positive (Table 1 and Fig. 2B ). At 10 weeks, whilst the basal epithelium was negative, approximately half of the superficial epithelial cells showed positive staining (Tables 1 and 2 , Figs 2F and 3E). Samples at 11 and 12 weeks showed negative basal epithelial staining but positive staining of most of the superficial epithelial cells (Tables 1 and 2 and Fig. 2E ). Staining was similar in male and female samples (Tables 1 and 2 ).
Phallus
The phallus was observed to be prominent from the 8th week (Tables 1 and 2) . A difference was observed in the staining pattern of the proximal and distal parts of the phallus. The mesenchyme of the proximal phallus was uniformly and strongly stained up to the 12th week in both males and females ( Fig. 3A and B ). In the females at 8 weeks of gestation, the distal phallus showed some positive staining (Table 1) . Thereafter, the distal portion of the female phallus was negative for AR staining up to 11 weeks, when uniform staining of both the proximal and distal part was observed (Table 1) .
No AR staining was found in the male distal phallus at 8 or 9 weeks of gestation (Table 2 and Fig. 3B ). A few positive cells were seen in one sample at both 10 and 11 weeks, but most of the other samples were free of staining. At 12 weeks, only one male sample was available; this showed uniform staining of both the proximal and the distal phallus. Overall, the pattern of expression was similar in male and female phallus tissues. Figure 1 PCR-based assay to determine the sex of the sample by amplification of the Amelogenin (AMXY) and SRY loci. The Amelogenin loci produce an X-specific band (270 bp) and a Y-specific band (100 bp). The presence of the SRY gene results in a band of 210 bp. Lanes 1 and 18 are the male controls with three bands; an upper band X specific at 270 bp, a lower band Y specific at 100 bp and a middle band SRY specific at 210 bp. Male samples are shown by the three bands in lanes 3, 5, 9, 11, 13 and 14. Lanes 2 and 19 are the female controls with a single band at 270 bp. Female samples are shown by a single band in lanes 4, 6, 7, 8, 10, 12 and 16 . Lane 20 is the water control. In lanes 15 and 17, the Amelogenin and SRY loci DNA failed to amplify, therefore sex could not be identified in that sample. pBR 322 is used as the molecular weight standard. Urethral groove and urethral folds
The basal epithelium in the urethral groove was free of AR staining from 8 to 10 weeks of gestation in the female (Tables 1 and 2 and Fig. 3A-D) ; however, some superficial epithelial cells were positive ( Fig. 3C and D) . At 11 and 12 weeks, the majority of samples showed positive staining (Tables 1 and 2 ). The urethral folds, comprising subepithelial mesenchyme, stained strongly from 8 to 12 weeks of gestation in both female and male samples (Tables 1 and 2 and Fig. 3A-D) . The overall AR expression was similar for both male and female tissues in the majority of the samples.
Genital swelling
The subepidermal mesenchyme of the perineum and genital swellings showed heavy AR immunoreactivity which was continuous, with expression in the loose mesenchyme surrounding the genital tract (Tables 1 and 2 ). In the female at 8 weeks of gestation, one sample was negative but all other samples up to 12 weeks showed uniform staining of the genital swelling (Table 1 ).
In males, AR expression was observed to be present from 8 to 12 weeks (Table 2 ). At 9 and 11 weeks, the majority of the samples were positive (Table 2) . At 12 weeks, one male sample was available; this showed the same pattern of expression as in females (Tables 1 and 2 ).
Genital tubercle
The genital tubercle was prominent at 11 and 12 weeks in both males and females (Tables 1 and 2 ). At this stage of gestation AR expression was strongly positive (Fig. 3F) . AR expression was similar in both the male and female embryos. Figure 2C and D shows the fusion zone of PMD and MD with the posterior wall of the UGS in females at 10 weeks. The MD lie lateral to the PMD (Fig. 2C and D) . In the female PMD, no AR-positive staining was observed from 8 to 11 weeks gestation (Table 1 and Fig. 2C ). Whilst in the female MD no positive staining was seen at 8 weeks (Table 1) , at 9 weeks three out of five samples showed positive AR cells. At 10 weeks, the MD in females stained positive (Table 1 ), but at 11 weeks staining was absent (Table 1 ). In the male PMD, all the samples at 9-11 weeks of gestation were negative for AR staining (Table 2 and Fig. 2D ). The MD at 8 weeks was negative for AR in males. At 9 and 10 weeks all the male samples showed strong staining of the MD (Table 2) whilst at 11 weeks only one out of five male samples were positive (Table 2) .
PMD and MD
BUG precursors
The BUG precursors are seen arising as epithelial outgrowths from the UGS penetrating the surrounding mesenchyme ( Fig. 2A, B and F) . These exhibited a similar pattern of staining to the UGS epithelium and mesenchyme ( Fig. 2A, B and F) .
Rectum
The rectum and layers of the rectal wall were negative for AR in all female and male samples (Tables 1 and 2) although the surrounding mesenchyme of the UGS was strongly positive.
Ectoderm
The future epidermal component of the genital skin in the UGS was negative in both male and female samples at 8-12 weeks of gestation (Tables 1 and 2 and Fig. 3F ). This was also true for the ectoderm of the phallus (Fig. 3A and B) .
Ureter
The lower ends of the ureters were seen in some of the samples in both males and females. They were observed to have positive AR staining. The ureter lies considerably lateral in the pelvis to the structures which were the focus of this study and hence they were found in only a few sections.
Discussion
The AR is a ligand-operated nuclear transcription factor which, after activation, binds to the promoter region of its DNA sequence (Rundlett et al. 1990 ). Binding of the ligand resulted in a conformational change with disaggregation from heat shock proteins, dimerization of the receptor molecule, transfer to the nucleus and specific binding to nuclear DNA (Drews et al. 2001) .
In this study, AR staining was always found in the nuclei of the cells, suggesting that ligand interaction had taken place. This nuclear staining was even seen in female embryos where minimal androgens are present. We suggest that the ligand-independent activation of the AR that has been described in prostate cancer (Ueda et al. 2002) may occur in the embryo. In the embryo, androgen determines the morphogenesis of the genital tract via phase-specific expression of AR primarily in the mesenchyme (Georget et al. 1997) . Androgen regulates the functional state of the male sex organs via the AR located in the nuclei of epithelial cells (Georget et al. 1997) .
In the present study, we have demonstrated the appearance of AR-positive staining in the mesenchyme of the UGS, followed by the appearance of positive staining in the epithelium. The UGS, after the indifferent stage, gives rise to bladder and posterior urethra in the male, whilst in the female it is responsible for the formation of the bladder, the whole urethra and the vaginal vestibule (Bentvelson et al. 1995) . Embryologically, the bladder is formed from both mesodermally derived mesenchyme and endodermally derived epithelial cells (Baskin et al. 1996) . In our study, the UGS mesenchyme was positive from 8 to 12 weeks in both males and females. Expression appeared to be temporally regulated in the epithelium lining the UGS. AR was absent from the epithelium at 8 weeks; thereafter staining remained negative in the basal layer but became progressively positive in superficial layers of the epithelium between 9 and 12 weeks of gestation.
The pattern of AR expression first in the mesenchyme followed by appearance in the epithelium provides evidence to suggest that mesenchyme may influence the proliferation of its epithelium. However, further experiments are needed to confirm this interaction. Mesenchymal cells have the ability to invade and migrate through the extracellular matrix to create cell transposition (Hay 1995). Mesenchymal epithelial interactions play critical roles in the development of many organ systems including the gastrointestinal system and the genitourinary organs (Cunha 1976a , Cunha et al. 1980 , Chung et al. 1984 , Kedinger et al. 1986 , Hall, 1987 , Kurzrock et al. 1999 . UGS mesenchyme has been previously shown to regulate epithelial proliferation (Chung & Cunha 1983 , Shannon & Cunha 1983 , Sugimura et al. 1986 ). Mesenchyme-induced epithelial development culminates in the emergence of specific types of epithelial cytodifferentiation and the expression of tissue-specific secretory proteins (Kedinger et al. 1986) .
The action of hormones such as oestrogen, progesterone and testosterone appears to be mediated through steroid receptors in the developing genital tract (Kurzrock et al. 1999) . Despite the presence of steroid receptors in the epithelium, the action of hormones on the epithelium is mediated by receptors in the mesenchyme of organs, and epithelial mesenchymal cell -cell contact is not obligatory for induction of epithelial differentiation (Cunha & Chung 1981 , Cooke et al. 1998 .
Conversely, for both male and female genital tract development, mesenchymal epithelial interactions are reciprocal in that the epithelium may also stimulate the proliferation of mesenchymal cells (Murakami & Mizuno 1986 , Cunha et al. 1992 . The competence of an epithelium to respond to inductive stroma is limited by the genotype of the epithelium (Coulombre & Coulombre 1971 , Dhouailly 1973 and by its age (Cunha 1972 (Cunha , 1976b .
Animal work has shown that cell-cell interactions between the bladder mesenchyme and epithelium are necessary for the induction of smooth muscle and hence normal bladder development (Baskin et al. 1996) . This is also true for the developing prostate epithelial -mesenchymal interaction during their development (Baskin et al. 1996 , Hayward et al. 1998 .
Many paracrine growth factors are implicated in the development of the genitourinary organs (Nelson et al. 1991 , Takahashi et al. 1994 ) but, to our knowledge, this is the first study in which AR expression has been examined in the UGS of first trimester human embryos. The temporal expression of AR, together with the similar expression in male and female embryos, suggests that AR are responsible for growth rather then acting as differentiating factors for the differentiation of sex. A gene programme for epithelial and mesenchymal differentiation may control embryonic development and this, in turn, could be under the control of master regulatory genes (Hay, 1989 (Hay, , 1990 .
These mesenchymal cells are the target cells for androgens and play an essential role in morphogenesis caused by androgen (Kratochwil & Schwartz 1976 , Cunha & Lung 1978 , Shannon & Cunha 1983 , Takeda et al. 1984 . The binding of androgen to the mesenchymal cells may be responsible for the changes in the phallus, where AR expression was observed predominantly in the proximal part compared with the distal. This may be a developmental phenomenon, where the most proximal cells develop first, followed by the distal: a proximal-distal sequence. This phenomenon has been described in rats, where development of the skeletal tissues in the rat penis proceeds in a proximal-distal sequence (Murakami & Mizuno 1986 ). In our study, urethral folds and the genital swellings were positive from 8 to 12 weeks of gestation, but there was minimal staining of the urethral groove epithelium until 11 weeks of gestation.
The genital tubercle was prominent and AR positive at 11 and 12 weeks in both males and females. In rats, the binding of testosterone to the mesenchymal cells in the genital tubercle and prepuce suggests that the mesenchymal cells are essential in causing the morphogenetic changes in the penis, such as canalization of the urethral epithelium and growth of the glands and prepuce. This may be true for human male development, where the Leydig cells of the testis start producing testosterone by 8 weeks (post ovulatory) (10 weeks post LMP) (Sadler 1995) . Why the same pattern was seen in females is not known. In previous murine studies, nuclear oestradiol binding in the developing vagina and uterus was limited to the mesenchymal tissue compartment, suggesting that morphogenetic effects of steroid hormones on the epithelium may be mediated by the mesenchyme (Stumpf et al. 1980 , Cunha et al. 1982 .
In the genital tract, comprising the MD and the joined PMD just before it enters the UGS, AR expression was observed in the mesonephric structures after the end of the indifferent stage (8 weeks of gestational age) when both ductal systems have already been laid down. The MD and the surrounding mesenchyme were AR positive at 9 and 10 weeks, thereafter showing negative staining, but the PMD and its surrounding wall layers were found to be AR negative at all times. At this stage, sex-specific differentiation is already far advanced but the same pattern of AR expression was observed in both sexes. We have shown in our previous work on fetal gonads (submitted) that the upper MD were AR positive from 8 to 11 weeks in both males and females, whilst AR were demonstrated in the epithelium of the PMD in the female and while the associated mesenchyme was free of AR. In males, the opposite effect was seen, i.e. the epithelium of the PMD was found to be negative but the mesenchyme was positive. This suggested that AR in the epithelium could be responsible for the growth of the Fallopian tubes in females, whilst in males the AR in mesenchyme may be responsible for the regression in the upper end of this structure.
In this study, as ARs were absent in both male and female PMD this may suggest that factors other than AR expression may be responsible for PMD regression in the male and further development in the female. MIF, secreted by developing Sertoli cells (Josso et al. 1993 , Lee & Donahoe 1993 , Drews et al. 2001 , transforms male PMD to mesenchyme and is responsible for the regression of the PMD (Trelstad et al. 1982) . This regression begins at 10 weeks of gestation (Taguchi et al. 1984) . In the female, the Mullerian system will develop into the female reproductive tract but the PMD has no AR so its differentiation and growth cannot be caused or controlled by androgen. Other growth factors, as yet unknown, may be responsible.
The BUG precursor in the male stained in a similar way to the adjacent UGS. BUG formation involves epithelialmesenchymal interactions, where mesenchymal cells develop AR and appear to be the primary targets of the circulating androgen hormone (Carlson 1999) . The significance of AR in female BUG is not clear. It has been suggested that mesenchymal cells act on the associated epithelium through the local paracrine effects of growth factors causing it to differentiate with gland-specific characteristics (Carlson 1999) . Human fetal prostate differentiation begins with mesenchymal changes near the urethral epithelium shortly after the beginning of androgen secretion by the fetal testis in the 8th week of development (Kellokumpu-Lehtinen et al. 1979 , KellokumpuLehtinen 1980 . At the same time, expression of AR coincides with this surge of testosterone from the embryonic testis (Drews et al. 2001) .
The rectum and the ectoderm covering the perineum expressed no AR. AR has been shown to be present later in the pelvic muscle, suggesting that it may mediate the effect of androgens on the development of the striated muscle of the pelvic floor and skeletal elements of the pelvic girdle (Drews et al. 2001) . Ureter samples were positively stained with AR although not all samples contained the ureter. It has been suggested that the expression of the AR in the loose mesenchyme surrounding the UGS, tissues lying between the future bladder and rectum, could be indicative of androgen effects during the ascent of the kidneys and descent of intraperitoneal organs (Drews et al. 2001) . This may explain the presence of AR in the ureter.
In conclusion, the present immunohistochemical studies of the human fetal urogenital structures have shown that AR initially appear in the mesenchyme during morphogenesis of the genital structures, followed by the appearance of these receptors in the epithelium, concomitant with its functional differentiation. The exact mechanisms by which the hormone-primed mesenchyme promotes further development of these structures via epithelial stimulation and differentiation are still unclear and further work is needed.
